Although we studied the effect of hydrogen bond formation in solution. The results showed that the association constant was increased with increasing temperature while the molar conductance and the limiting molar conductance values were decreased. Furthermore, the association constant values were increased, so that the association process is endothermic.
Introduction
Thermodynamic properties are very useful study of the intermolecular interactions and geometrical effects in the systems and thermo-physical and bulk properties of solutions. Also, they are necessary in theoretical and applied areas of research and used in many other fields of industry [1] [2] [3] . Studying the information of the transport properties (conductance, viscosity, ionic mobility) of electrolytes in aqueous and partially aqueous media tell us all about ion-ion and ion-solvent interactions in these solutions [3] [4] [5] [6] [7] [8] [9] . The Fuoss-Shedlovsky which is one of the mathematic equations of conductivity theories has been successfully used to investigate many electrolytes in solutions [9] [10] [11] [12] [13] [14] [15] . The physical properties of the binary mixed solvents like the viscosity and the relative permittivity can be varied making them more favor to solvent system for the study of ion association and ion mobility. Recently, a study of the properties of copper sulfate has become essential in many fields such as biochemistry and other different industry. Copper sulfate used as a coloring ingredient in artworks, especially glasses and potteries and also used in firework manufacture as a blue coloring agent, but it is not safe to mix copper sulfate with chlorates when mixing firework powders [15] [16] [17] . The present article shows the effect of all parameters on the transport properties of copper sulfate in a binary mixed solvent with alcohol mass fraction 0%, 20% and 40% (W/W) (EtOH-H2O) at four different temperatures from 298. 15 Table 2 .
. 1000 (2) Where Ks and Ksolv are the specific conductance of the solution and the solvent,
Asian Journal of Nanoscience and Materials
respectively; Kcell is the cell constant and C is the molar concentration of the metal salt solution.
The experimental conductance data were analyzed using Fuoss-Shedlovsky conductivity equations. The limiting molar conductance (Λo) was estimated for Copper sulfate solutions in H2O and (EtOH-H2O) mixed solvents at different temperatures by extrapolating the linear Onsager plot [26] between (Λm) and (C) ½ as shown in Fig. 1 .
The value of ( o ) was used to calculate the Onsager slope (S) from the Eq.
Where () is the relative permittivity of the solvent, (ηo) is the viscosity of the solvent and (T) is the temperature. Using the values of () and (ηo), the value of (S) was easily estimated. Using the data of ( Λm ), S (z) and ( Λ o), the values of degree of dissociation (α) were calculated by using the following equation:
Using these (α) and () values, the mean activity coefficients (γ±) were evaluated by means of Eq.(10). The obtained results for Copper sulfate, Table 3 , in a binary mixed solvent (EtOH-H2O)at different temperatures are different from those in case of water [27] , As the limiting molar conductance of copper sulfate in (EtOH-H2O) mixtures is less than in water because conductivity values decrease when mixed solvent increases. Also conductance decrease in case of 40% than 20% in case of water and this due to formation of intermolecular and intramolecular hydrogen bonding which make hindrance to the ions mobility. In another case of increasing content of ethanol in mixed solvent lead to reduce the solvation and dissociation of copper sulfate molecules. Also, the limiting molar conductance for copper sulfate in all used solvents is increases with rise in temperature due to the increasing of kinetic energies of ions. The mentioned effect was supported by ionization degree (α) which is decreased by increasing the temperature. 
Ion-pair association constant
The mean values of the ion-pair association constant (KA) of systems under study were represented in Table 4 . It was seen that the association constant for copper sulfate in the used solvents raises with raising temperature which indicates an endothermic association process. This temperature dependence of the association process of ions can be explained from the relation between desolvation and association of ions whereas the temperature increases, the desolvation process of ions takes place, the ions will be closer than before, therefore the association of ions increases.
For all the studied systems, the association constant increases as the proportions of organic solvent increase at the same temperature with an exception in the case of 20% (EtOH-H2O). This increase in association constant values may be related to decreasing in relative permittivity by increasing the proportions of organic solvent and decreasing ions mobility which give chance for ions to associate. Moreover, this can be interpreted on the basis of the interplay between association constant and strength of the ion solvation in different solvents, whereas the stronger ion is solvated, the association becomes weaker between cations and anions
The association constant values for copper sulfate in 20% (EtOH-H2O) is lower than values of association constant in water. This may be related to the interaction between ethanol and water at a low concentration from ethanol which are affected by the cage-like structures formation and are known as (icebergs) around the hydrophobic ends of the ethanol. Moreover, they can affect the mobility of ions and decrease association constant [28] .
Triple-ion association constant
From Fuoss equation [25] , the triple ion association constant (K3) for copper sulfate was calculated. The triple ion formation can be neglected due to the small values of triple ion association.
Walden Product
The Walden product (Λ0 η0 or λ0 η0) is very important from the point of view of ionsolvent interaction [29, 30] . The Walden product (Λ0 η0) is expected to be constant for a given electrolyte in a series of solvent mixtures in which the ion-solvent interactions are uniform due to the Walden product which is the product of ion conductance due to the viscosity of the medium. Besides, it should be independent of the nature of the solvent and the molar conductance of ion at infinite dilution depending only on mobility of ions. Walden has written his rule in the form of Eq.(13). 
The factor (
) is a measure of the hydrodynamic radii (RH) of the ions, r is the radius of a hypothetical sphere that diffuses with the same speed as the particle under study. In practice, the solute molecules in solution are solvated and dynamic. So, the radius calculated from the diffusion properties of the particle is indicative of the apparent size of the dynamic hydrated/solvated particle and the hydrodynamic radius. This means that the hydrodynamic radius (RH) includes both solvent (hydro) and shape (dynamic) effects. The values of Walden product and hydrodynamic radii for the salts and ions under study were calculated and listed in Table 4 and represented in Figure 2 .The inverse behavior of the hydrodynamic radii with Walden product was reported by many authors [31, 33] .
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The obtained value of Walden product decreased by increasing the temperature. This may be related to the increase in the size of solvated ions in the mixtures as we raise the temperature which occurred due to the variation of the proportion of the ethanol and H2O molecules in the sheath of solvation with temperature. Walden product is affected by two factors: limiting molar conductance which is directly proportional to temperature, and viscosity which is inversely proportional to temperature. From this observation, we can conclude that the viscosity value is the most effective factor on the inverse proportional behavior of the Walden product with the temperature. The decrease in values of Walden product with increasing proportion of methanol in the order: 0% > 20% > 40% can be explained from the fact that increasing the content of organic solvent leads to a bigger size of solvation shells around cation which reduces its mobility as well as Walden product [34] . Many authors reported the change in Walden product with temperature, solvent composition and nature of electrolyte [35, 36] . Figure2.The plot of Walden product (Λ0 η)vs.temperature (T/K)for copper sulfate in the used solvents.
Thermodynamics of association
The standard Gibbs free energy of association (ΔG°A) was calculated using Eq. It was found that the association processes in all studied systems are spontaneous processes and the associating free energy becomes more negative with the increase in temperatures. This indicates that an ion-pair association is favored with lowering the dielectric constant of the medium.
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The association processes are endothermic in nature due to the positive value of (ΔH°A). A positive entropy values (ΔS°A) can be explained on the assumption that iceberg structure around the cation is broken when association takes place leading to an increase in the degree of disorderliness and the positive (ΔH°A) and (ΔS°A) values are in a good agreement with several theories in many solvents. Positive values of (∆H°A) and (∆S°A) for association can be attributed to counter balance of the enthalpy term by a favorable entropy change resulting from the short-and longrange desolvation of both ions. Positive (∆S°A) values attributed to desolvation of both ions are also supported by the positive enthalpy values indicating a lack of covalent bonds. The extent of ionpairing in copper sulfate solutions under study depends on the nature of the (ionsolvent) and (solvent-solvent) interaction taking place in the solution. Furthermore, it depends on the relative permittivity and the properties of the medium. The association constant increases as the temperature increases and as the proportion of methanol increases. Also, the unusual behavior of 20% (EtOH-H2O) mixed solvent have been studied. The values of Gibbs free energy of association (ΔG°A) which become more negative give an indication of the association process and is spontaneous in nature. The positive value of entropy change (ΔS°A) is indicating that the entropy is the driving force for the association process. The positive value of the enthalpy change(ΔH°A) indicates that the association process is endothermic.
